INTRODUCTION
============

Gastric lesions such as gastrointestinal stromal tumors (GISTs) and other gastrointestinal tumors are treated via local endoscopic or surgical resection. One-layer^6,\ 16^ or full-thickness^4,\ 20,23,24,30^ resection can be performed in these cases. The standard treatments include long learning curves, time-consuming endoscopic procedures or invasive surgeries that may lead to complications.

The aim of this study was to evaluate the feasibility and results of a full-thickness endoscopic gastric resection technique (FTEGR) using a stapler inserted through a gastrostomy.

METHODS
=======

The protocol was approved by the Animal Care Institute Council of the Sírio Libanês Hospital, São Paulo, SP, Brazil. Ten domestic (Landrace) pigs weighing 35-40 kg were used in the study. All of the procedures were performed under general anesthesia and followed the same technique. Additionally, the antibiotic cephalosporin was administered in all animals. An oroesophageal overtube (Guardus; US Endoscopy, Mentor, OH, USA) was inserted under endoscopic guidance (GIF-150; Olympus, Tokyo, Japan).

The FTEGR technique
-------------------

### *Gastrostomy*

The first part of the procedure consists of a gastrostomy with transabdominal sutures[@B12] ^,^ [@B13]. A 27-gauge needle is inserted into the gastric lumen under endoscopic guidance in order to be a guide for the insertion of the other needles. A second 14-gauge needle with a 0 nylon thread is inserted 1.5 cm far or laterally from the previous needle. This endoscopic submucosal dissection needle has a suture loop in its interior, and it is inserted through the abdominal and gastric wall under endoscopic control. One additional 14-gauge needle with a 0 nylon thread in its inner channel is placed 1.5 cm from the previous location. The nylon suture of this needle is placed inside the previously inserted loop ([Figure 1](#f1){ref-type="fig"}A) and pulled outside the skin to finish the "U" suture. A second "U" suture is placed in the same manner ([Figure 1](#f1){ref-type="fig"}B). An incision made in the center of the area limited by the sutures is then used to insert a 12 mm laparoscopic trocar (Versaport Plus; Covidien, Miami, FL, USA) into the stomach lumen ([Figure 1](#f1){ref-type="fig"}C). The sutures are completed by placing a manual knot in the abdominal and gastric walls.

FIGURE 1A) Two needles with 0 nylon threat for placing a "U" suture; B) outside view of the "U"sutures placed; C) inside view of the laparoscopic trocar inserted between the two "U"sutures through a gastrostomy

### *T-tag stitch placement and traction of the resection area*

Next, to pull the resection area, one or two sutures are placed on the stomach wall near the aimed resection area. For full-thickness sutures, a plastic chamber (prototype; Cook Medical Inc., Winston-Salem, NC, USA) ([Figure 2](#f2){ref-type="fig"}A) is assembled at the distal tip of the endoscope. This chamber is 4.2 cm in length and has a side window measuring 10 mm×10 mm. The distance between the tip of the endoscope and proximal side of the window is 8 mm. The distance from the distal side to the tip of the chamber is 15 mm. Thus, a distal space is retained in the chamber to receive the needle inserted through the working channel of the chamber. This working channel is created in one side of the chamber wall where the wall is thickest. A T-tag is connected to a 2.0 nylon thread ([Figure 2](#f2){ref-type="fig"}B) and is placed in a slot inside a 19-gauge metallic needle located within a plastic tube. This T-tag ([Figure 2](#f2){ref-type="fig"}C) can be moved outside the metallic tube ([Figure 2](#f2){ref-type="fig"}D) by pushing it through the suctioned gastric wall within the plastic chamber, and it remains in the distal space of the chamber ([Figure 2](#f2){ref-type="fig"}E). The suction is released and the T-tag stitch is then pulled toward the animal's mouth. By pulling this stitch ([Figure 2](#f2){ref-type="fig"}F), the area forms a tent that includes all layers of the stomach at the highest point.

FIGURE 2A) The plastic chamber; B) the metallic tube and the T-tag; C) the T-tag; D) the metallic tube; E) schematic figure showing the T-tag insertion in the gastric wall within the plastic chamber; F) T-tag inserted through gastric wall

### *Resection and gastrostomy closure*

A 5 cm linear stapler (Endo Gia Universal; Covidien, Miami, FL, USA) is inserted through the gastrostomy trocar. It is placed parallel to the gastric wall surface around the tent base containing all gastric layers. The size of the tent is increased by pulling with a foreign grasper (FG-25C-1; Olympus, Tokyo, Japan) inserted through the working channel of the endoscope. The stapler is then used. If one magazine is not sufficient to complete the total resection of the specimen, another is used ([Figure 3](#f3){ref-type="fig"}A, B, C, and D). Next, tissue is removed through the mouth by simply pulling the sutures ([Figure 3](#f3){ref-type="fig"}E). The resected are is then examined ([Figure 3](#f3){ref-type="fig"}F). The stapler is removed, followed by withdrawal of the trocar. The "U" nylon stitches at the gastrostomy are then untied and then square tied again but to close the gastrostomy site ([Figure 4](#f4){ref-type="fig"}). On the day after the procedure, a regular diet is allowed, and parental analgesia is administered. The animals are sacrificed one month later after endoscopic control.

FIGURE 3Full-thickness gastric resection using a stapler inserted through a gastrostomy. The linear stapler could resect all gastric layers by pulling the stitch towards the animal's mouth, forming a tent, and the graspers help to accommodate the tissue (A, B, C and D). Specimen resected (E). The suture line achieved as a final result (F).

FIGURE 4Gastrostomy's closure using the previous 0 nylon thread "U" sutures and another two sutures between them just to close the skin

RESULTS
=======

FTEGR was accomplished in all animals, and all specimens included the serosa of the stomach ([Figure 5](#f5){ref-type="fig"}). Immediate and complete closure of the resected area created by the stapler was observed in all animals.

FIGURE 5Specimen analysis: A) gastric walls after full-thickness resection with stapled sutures with omentum adhesions; B) without any adhesions C) full-thickness specimen of resected gastric wall viewed from interior (mucosal); D) exterior (serosal) view

The FTEGR specimens measured from 6×4.2 cm to 10×6.2 cm ([Table 1](#t1){ref-type="table"}). Calculations indicated that the average dimension of the specimens was 8 cm in length and 5 cm in width, with mean SD of 1.44 cm and 0.57 cm, respectively ([Table 1](#t1){ref-type="table"}). These mean (SD) are relatively small, indicating that specimen's dimensions are distributed near average values, without a large dispersion ([Table 1](#t1){ref-type="table"}). The dotted lines in the [Table 1](#t1){ref-type="table"} represent the trend lines for each variable, which, as this term implies, indicate the trends of growth in specimen sizes over the course of the study. An increasing trend in specimen length can be identified as the procedures progressed. However, for specimen width, the growth trend is much less pronounced; if we exclude sample 10, no clear trend is observed, with widths remaining nearly constant across specimens.

TABLE 1Specimen sizes and time of the procedureAnimalSpecimen length (cm)Specimen width (cm)Time of procedure (min)16.04.2n/t26.04.5n/t37.55.0n/t47.05.5n/t58.05.0n/t68.25.0n/t78.55.281810.05.28599.04.5721010.06.275   Specimen length (cm)Specimen width (cm)Time of procedure(min)Average8.05.078.25Standard Deviation1.440.575.85Minimum6.04.272Maximum10.06.285[^2]

Time was spent in preparing the procedure due to the use of these prototype devices and for this reason only in the last four procedures it was measured ([Table 1](#t1){ref-type="table"}). The mean time to perform FTEGR was 78 ± 5.85 min ([Table 1](#t1){ref-type="table"}, 72-85 min). Only in the first procedure a self-limited bleeding was observed in the staple line. No other adverse events were observed. Additionally, a scar was observed at the resection site during the day 30 follow-up endoscopy and laparotomy. At sacrifice, there were no small bowel adhesions in the resection line; only a small number of omentum adhesions were eventually found in the resection line ([Figure 5](#f5){ref-type="fig"}).

DISCUSSION
==========

Less-invasive procedures should be used whenever possible. This approach has the potential to decrease risks, shorten hospital stays, and reduce costs. Endoscopic approach is usually less invasive than surgery, even when a laparoscopic procedure is required.

An important advantage of FTEGR is the immediate closure of the resected area preventing leakage and peritoneal cavity contamination. On the other hand, as the resected specimen is retrieved trough the mouth no cancer cell may spill into the peritoneal cavity, preventing cancer dissemination. This is a concern since reports of peritoneal seeding has been reported after percutaneous diagnostic FNA biopsy^8^ and port-site metastasis after laparoscopic surgery for gastrointestinal malignancy[@B7].

In selected cases of high grade dysplasia or non-invasive adenocarcinoma of the stomach, endoscopic treatment can be performed through endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD)[@B10] ^,^ [@B27], both of which are popular procedures, worldwide. Despite representing a breakthrough in the field of endoscopy, ESD may be a time-consuming procedure, depending on the location of the lesion, its size, submucosal fibrosis and submucosal invasive cancer requiring expertise and may lead to significant complications such as perforation and bleeding[@B17] ^,^ [@B18] ^,^ [@B29]. Thus, ESD is not adopted by all endoscopic centers at which EMR is routinely performed.

The gold standard for the treatment of gastric lesions such as GISTs larger than 2 cm is surgical resection according to current ESMO and NCCA guidelines^9,\ 22^. However, when GIST is histologically proven the European and Japanese guidelines recommend resection regardless of its size. Lately, several endoscopic and combined endoscopic and laparoscopic resections techniques have been proposed[@B2] ^,^ [@B11] ^,^ [@B15] ^,^ [@B19] ^,^ [@B21] ^,^ [@B24] ^,^ [@B26] ^,^ [@B29] ^,^ [@B31] ^,^ [@B32]. However, these types of treatments exhibit some complications[@B1] ^,^ [@B14].

Gastric lesions located at the greater curvature, and most parts of the anterior e and posterior body appear to be suitable for treatment using the FTEGR.

The position of the lesion to be resected is a limitation because the traction of the target area to the gastric lumen central axis can be challenging. In addition, T-tag deployment is difficult when the endoscope is flexed. The stapler has limited maneuverability despite some angulation allowed by its body.

In fact, there must be some places that cannot be reached with the devices used in this study, as the fundus, the cardia, the lesser curvature and near the pylorus. However it is important to emphasize that the management of these areas depends also on the possibility of placing a suture in these areas and the way of making the traction and the position of the patient. In the study a standardized procedure was followed. However, for specific places, the technique could be changed. Thus, the wall traction could be made directly by the endoscope, using a foreign grasper or a snare through the working channel. Moreover, the suture for traction could be placed by a suturing device, such as Endo Stitch (Endo Stitch 10 mm Suturing Device, Covidien, Miami, FL, USA), inserted through the trocar.

Recently, endoscopic treatment for small gastric sub epithelial tumors was proposed[@B5]. Using this technique, the lesion is aspirated inside a cap, and a loop is tightened at the base, followed by an incision of the overlying mucosa using a needle knife to perform biopsies or enucleation of the lesion.

FTEGR could be used for the treatment of early gastric cancer and sub-epithelial lesions in selected cases and for the obesity treatment. The resection of a longitudinal strip in the gastric body, including the greater curvature, part of the anterior and part of the posterior wall provides lumen restriction and decrease stomach capacity. The process can result in a tunnel shaped gastric body similar to the endoscopic sleeve gastroplasty procedure[@B3]. However, further refinement of the T-tag placement and improved stapler flexibility are necessary to allow resection of larger areas and of all stomach places.

This FTEGR study demonstrates that the use of a stapler inserted while performing a gastrostomy can be combined with the wall traction to resect a large, full-layer gastric specimen. Larger specimens can be resected if more stitches are placed for tissue tenting. This experimental technique does not require meticulous dissection and may be associated with fewer complications than ESD. Additionally, the learning curve for the procedure seems to be short, which may allow it to be performed by more endoscopists. Moreover, the FTGER seems to be less invasive than laparoscopic surgery and may allow faster recovery.

More studies are needed to confirm these data.

CONCLUSION
==========

FTEGR is a feasible technique for the resection of full-layer gastric specimens and appears to be safe. It can be an alternative to endoscopic submucosal dissection and surgical full-thickness gastric partial resection in selected cases.
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